The Arrhenius Law, which was originally proposed to describe the temperature dependence of the specific reaction rate constant in chemical reactions, does not adequately describe the effect of temperature on bacterial growth. Microbiologists have attempted to apply a modified version of this law to bacterial growth by replacing the reaction rate constant by the growth rate constant, but the modified law relationship fits data poorly, as graphs of the logarithm of the growth rate constant against reciprocal absolute temperature result in curves rather than straight lines. Instead, a linear relationship between the square root ofgrowth rate constant (r) and temperature (7), namely, V;-= b (T -To), where b is the regression coefficient and To is a hypothetical temperature which is an intrinsic property of the organism, is proposed and found to apply to the growth of a wide range of bacteria. The relationship is also applicable to nucleotide breakdown and to the growth of yeast and molds. Van't Hoff (27) and Arrhenius (2), by analogy to the Van't Hoff thermodynamic equation for chemical equilibrium, put forward the concept that the rate constant for chemical reactions might be suitably described by the following expression in differential form:
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Van't Hoff (27) and Arrhenius (2) , by analogy to the Van't Hoff thermodynamic equation for chemical equilibrium, put forward the concept that the rate constant for chemical reactions might be suitably described by the following expression in differential form: d ln k/dT = E/RT2 (1) where k is the specific reaction rate constant (or simply the rate constant), R is the universal gas constant, T is the absolute temperature, and E is an empirically determined quantity called the activation energy. Upon integration, equation 1 results in the following exponential form:
where the constant A is referred to variously as the "collision factor" or "frequency factor" (16) . Equation 2 has become generally known as the Arrhenius Law, and this expression has had some notable success in describing the temperature dependence of chemical reactions.
In microbiology, it has been recognized that temperature is also a cardinal factor controlling the rate of development of microbial populations, and microbiologists have simply substituted growth rate constant r, which is determined assuming an exponential growth model and which is also the reciprocal of the generation time, for rate constant k in equation 2 and have replaced E by a quantity , which they have called the temperature characteristic. However, although , is supposed to be a constant in equation 2, there is widespread recognition that it is in fact a decreasing function of temperature (3, 13, 23) . The consequence of this is that when In r is plotted against reciprocal temperature lIT to produce what is commonly known as an Arrhenius plot, a curve is obtained instead of a straight line. This is readily observed for the six data sets depicted in Fig. 1 . This figure, which represents five bacteria and a mold, was redrawn from Johnson et al. (13) ; it is quite clear that the data do not even remotely approximate a straight-line relationship at any portion of the range. In a more recent paper, Mohr and Krawiec (17) claim that some of their Arrhenmus plots show two distinct slopes, but inspection of their Fig. 1 to 3 reveals continuous downwardtrending curves for each of their data sets throughout the whole suboptimal temperature range.
The curves of growth rate constant versus temperature as drawn in Fig. 1 
MATERIALS AND METHODS
The identities of the organisms used are shown in Table 1 . Strains of prefixed G were obtained from N. Gillespie, Queensland Fisheries Service, and were isolated from fresh prawns caught at 7 fathoms (ca. 12.8 m) in the G489, which was isolated from spoiled prawns. Other isolates were obtained at the University of Tasmania during the course of other investigations. Strains 16L16 and CLD38 were isolated from spoiled chicken, and FS1 and FS2 were isolated from spoiled fish. The effect of temperature on the growth of these 14 bacterial cultures was examined by using a temperature gradient incubator (Toyo Kagaku Sangyo Co. Ltd., Tokyo, Japan). This temperatures where water activity is not changing due to ice formation (24) . From Table 2 (11, 12) proposed that the temperature characteristic (,) could be used to determine whether an organism was a psychrophile or mesophile. This concept was challenged by Hanus and Morita (8) , who found no significant correlation between ,u values of psychrophiles, psychrotrophs, and mesophiles. A similar conclusion was drawn by Shaw (25) for yeasts and by Herbert and Bhakoo (10) for five psychrophilic vibrios. Since the Arrhenius Law does not adequately describe the temperature dependence of bacterial cultures, as emphasized in the introduction to this paper, it is not surprising to find that , may vary as much as threefold or fourfold throughout a single set of data depending upon which portion of the data set is used. This problem does not arise when equation 3 is used, as it applies throughout the whole range of the response from the minimum to the optimum values.
It therefore appears that equation 3 may be used to describe the relationship between temperature and growth rate of microorganisms between the minimum 'and optimum temperatures and may be used instead of the Arrhenius Law. The relationship may find application in other areas of biological science. As an example, other investigations in our laboratories have shown the relationship to describe the effect of temperature on the deterioration of proteinaceous foods. This might be expected, since nucleotide breakdown (18) (5) . Therefore a knowledge of the effect of temperature on the rate of growth of the spoilage flora may be used to monitor the time-temperature history of expired shelf life of the product. This process, temperature function integration, is accomplished by use of electronic integrators of which the circuitry contains the relationship between growth rate and temperature (19) . To date this information has been based upon the empirical relative rate curve constructed by Olley and Ratkowsky (20, 21) from 70 data sets in the literature. The empirical curve can now be replaced by a relative rate curve calculated from equation 3. A To value of 263°K, which is close to the lowest value obtained for typical psychrotrophic pseudomonads, gives a relative rate curve which is in excellent agreement with the empirical data.
A further use of equation 3 is that it accurately describes the data (23) on the growth of yeast species of the genera Candida, Geotrichoides, and Mycotorula, with To values near 260, and it also accurately describes the growth of the mold Sporotrichum carnis (7) with To = 264 (this latter set of data is shown in Fig. 1 ).
